Introduction
Over the last two decades, industrial hemp (also known as hemp) globally has received a great deal of interest in being grown as an agricultural crop. Based on a section 7606 of the 2014 Farm Bill, the industrial hemp is defined as a variety of the Cannabis sativa plant species with delta-9 tetrahydrocannabinol concentration (THC) and no more than 0.3 percent on a dry weight basis. Industrial hemp has fifty thousand plus uses that range from fiber to health products, and more than 30 countries currently grow industrial hemp (Johnson, 2017) According to Fortenbery and Bennett (2004) , industrial hemp on the production side includes environmental benefits such as low pesticide and herbicide requirements, a wide range of adaptability for agronomic conditions, increased profit centers for U.S. farmers, and relatively low water needs. Other benefits of the industrial hemp on the demand side are increased efficiency compared to other inputs for industrial use, health benefits of both hemp oil and hemp seed consumption, and competitive use in textile manufacturing (Fortenbery and Mick, 2014) .
Although there are many benefits of industrial hemp, growing industrial hemp in the U.S. is still classified as a Schedule 1 substance. Industrial hemp and marijuana are botanically the same plant species as Cannabis sativa even though they are genetically different from a chemical makeup and cultivation practice standpoint (Cherney and Small, 2016 , Datwyler and Weiblen, 2006 , Johnson, 2017 .
Since there is no commercial production in the U.S. due to the production of restrictions, all hemp-based products are imported from other countries. For instance, raw and processed hemp fiber is dominantly imported from China whereas hemp seed and oilcake are mostly imported from Canada (Johnson, 2017) . Figure 1 provides the total value of U.S. hemp imports from 2010 to 2015, and it shows that total value of imported hemp is increasing.
<Insert Figure 1 Here>
Johnson (2012) claims more than 25,000 hemp products are available in global markets including agriculture, textiles, automotive, furniture, food, personal care, construction, paper, and even recycling. Based on Johnson (2017) , Hemp Industries Association (HIA) estimates that annual growth in U.S. hemp retail sales is averaged more than 15% from 2010 to 2015. The author also mentions that the growth is explained by increased sales of hemp-based body products, supplements, and foods by accounting for more than 60% of the value of U.S. retail sales. Recently, Vote Hemp, which is the national, single-issue, nonprofit organization and nation's leading grassroots hemp advocacy organization, estimates the total retail value of hemp products sold in the U.S. in 2016 is approximately $688 million including food and body products, clothing, auto part, building materials, and other products. Even though there is no commercial hemp production in the U.S., retail sales for hemp production is increasing over time. Based on our best knowledge, no study has been investigated and examined factors that affect consumption of hemp or hemp by-products. In this study, we investigate the important economic and demographic characteristics that are associated with 2 Vote Hemp is dedicated to the acceptance of and free market for industrial hemp, low-THC oilseed and fiber varieties of Cannabis and working to change state and federal laws to allow commercial hemp farming. More information about estimates of 2016 Annual Retail Sales for Hemp Products are available at http://www.votehemp.com/PR/PDF/4-14-17%20VH%20Hemp%20Market%20Data%202016%20-%20FINAL.pdf hemp consumption and investigate their effects on expenditure in the U.S. by utilizing Nielsen's consumer panel data from 2008 to 2015. This study employs Heckman selection model since this model provides different parameters of the choice and consumption processes by controlling for non-randomly selected samples. Therefore, we specifically identify the impact of either economics or household characteristics on the probability of purchasing hemp products and which factors impact on the total expenditures on hemp products. Furthermore, this study incorporates information about U.S. state industrial hemp legislation based on the hypothesis that probability of purchasing and expenditures on hemp products are relatively higher in specific states where hemp bills and resolutions are introduced.
Findings from this study will contribute to acceptance of free market for the industrial hemp against existing state or federal laws or policies in the U.S. regarding illegalized commercial hemp production. In addition, this paper provides potential market opportunities by not only understanding consumers but also targeting groups of consumers to increase the market share of the hemp products. The rest of the paper is organized as follows. The next section provides a summary of U.S. hemp history and current U.S. hemp production, while the subsequent section describes the main econometric model. The following section describes the data section especially structure of the data and the variable classification. The next section presents results and discussions, while the final section summarizes main results with limitations and directions for future research.
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Background
U.S. Hemp History
The first harvest of hemp was estimated around 8500 years ago (Schultes, 1970) and actively cultivated and domesticated around 4000 and 6000 years ago in China (Kraenzel, et al., 1998, Vavilov and Dorofeev, 1992) . In 1545, hemp was initially introduced in the world after Spanish brought the plant to Chile, and hemp became as important crops in Colonial America since New England first grown the plants for fiber source for household spinning and weaving in 1645 (Ehrensing, 1998 , Fike, 2016 . Cultivation spread to Virginian and Pennsylvania, and a commercial cordage industry with hemp fiber was developed and flourished in 1775 by settlers who brought hemp from Virginia to Kentucky (Fortenbery and Bennett, 2004) . In the mid-1800s, hemp was widely grown as the common use of fine and coarse fabrics, twine, and paper in the U.S. (Johnson, 2012) . Between 1840 and 1860, especially, the hemp industry was expanded from Kentucky to Missouri and Illinois due to the strong demand for cordage and sailcloth by the U.S. Navy (USDA, 2000) . However, the hemp production declined by the end of the 1800s due to the technological innovation and the discovery of alternative inputs for traditionally hemp-based industries (Fortenbery and Mick, 2014) . In 1937, U.S. hemp production was effectively prohibited by the passage of the Marijuana Tax Act, which was placed all Cannabis culture as a narcotic drug under the control of the U.S. Treasury Department Bennett, 2004, Johnson, 2012) . During World War II, hemp production was produced again in the U.S. by an emergency program since World War II interrupted supplies of jute and abaca to the U.S. from the tropics, and the production peaked in 1943 and 1944 (Ehrensing, 1998 . According to Johnson (2012) , the hemp production reached more than 150 million pounds on 146,200 harvested acres in 1943, especially 140.7 million pounds of hemp fiber and 10.7 million pounds of hemp seed; however, the hemp production declined to 3 million pounds on 2,800 harvested acres in 1948. The declined hemp production after the war was due to the re-imposed legal restriction and re-established jute and abaca imports Bennett, 2004, USDA, 2000) . Even though a small hemp fiber industry continued in Wisconsin until 1958, essentially there has been no U.S. hemp production since then (Dempsey, 1975 , Ehrensing, 1998 , Fortenbery and Mick, 2014 . Drug Enforcement Agency (DEA) policy eventually treated marijuana and hemp as the same plant (Cherney and Small, 2016) . Even though the domestic hemp production has been restricted due to the federal laws and drug policy in the U.S., there has been an active movement to legalize industrial hemp production in the U.S. for the last two decades (Fortenbery and Mick, 2014) . From the mid-1990s, hemp in the U.S. was substantially resurfaced as the potential uses of the plant after Europe and Canada legalized and issued licenses to allow industrial hemp production (Fike, 2016) . To the begin with Kentucky in 1994, a total of 19 States have introduced hemp legislation since 1995, and nine States passed legislation authorizing feasibility studies for domestic industrial hemp production in 1999 (USDA, 2000) . Even though hemp is still classified as Schedule 1 controlled substance under the Controlled Substances Act (CSA), section 7606 of the U.S. Agricultural Act of 2014 legalized state departments of agriculture and certain research institutions to grow hemp as a pilot program for research purposes (Cherney and Small, 2016, Johnson, 2017) . The Vote Hemp reports that 31 states are recorded with enacted hemp laws, and those of 15 states are allowed to grow and cultivate the hemp in 2016. Figure 2 shows the states with both enacted hemp laws and active hemp pilot program. In Figure 
Conceptual Framework
McFadden (1980) provides the theoretical framework for a qualitative choice model based on a random utility model. The following discussion of the random utility model is based on Alviola and Capps (2010) . The product purchase made by the consumer between hemp byproducts and conventional products can be modeled as a binary choice. The outcome variable , therefore, takes a value either 1 if consumers purchase hemp by-products or 0 with conventional products. A utility function with the specification of the binary choice can be defined as following:
where utility is a function of the , the covariates in the decision process, = 1, 2, … , , with n representing the number of households in the sample. The binary choice assuming the existence of the utility function can be rewritten as where is the cumulative distribution function (cdf). The equation above holds across all households, = 1, 2, … , . Then, represents the standard normal cumulative distribution function by standardization of . In this way, the use of the probit model is justified to investigate the decision on purchasing hemp by-products. In addition, the use of the probit model to investigate the decision on purchasing no hemp by-product is also justified by the binary nature of the choice problem.
Data Description
The main data source for this study is departments, product groups, product modules, and UPC codes. First, we employ a searching index function based on a string of characters that include "hemp" to identify the product hierarchy. Table 1 shows a number of observations in different groups of hemp products by the product departments in Nielsen Consumer Panel data from 2008 to 2015. Since most hemp products are found in the product groups of cereal, nuts, vitamins, and medications, this study considers and focuses on only those four product groups.
<Insert Table 1 Here> Second, we narrow the product groups down to product modules in order to identify whether there are any missing information or irrelevant products to explain those four product groups by looking at next hierarchy, which is product module. Table 2 shows how many observations are included in each product module by the product groups. Based on Table 2 , this study excludes the product modules of cereal (hot), ready to eat, and nut (cans) since there are no or only a few observations in the product modules to represent the product groups.
< Insert Table 2 Here>
Third, we collect all households from the Nielsen Consumer Panel data and limit the panelists based on purchases of cereal (granola & nature valley), nut (nuts bag), vitamins (nutritional or protein supplements), and medication (lip remedies). Finally, we exclude households based on uniquely assigned store code in each household by assuming that those households do not have accessibility to buy hemp by-products. Through these steps, we explicitly classify the hemp consumers and estimate the probability of purchasing hemp byproducts and impact of characteristics of households on the total hemp expenditures. Table 3 shows the number of observations for each product with the proportion of hemp products. The nuts, for example, there are total 15,241 households who consume nuts from 2008 to 2015, and those of 11.20 percent households consume hemp nuts.
<Insert Table 3 Here>
The demographic and socioeconomic characteristics, especially, education level, age, racial, and ethnic, in Nielsen's consumer data contains both the male and the female head of households. Since the head of household is either male or female head, this study mainly uses female demographic information by assuming that females make the majority grocery shopping. This assumption is consistently applied to previous studies such as Dettmann (2008) and Alviola and Capps (2010) that use the Nielsen's consumer data. If the female head of household does not exist, then the head of household is replaced with the male head. Table 4 shows summary statistics of variables used in the analysis. Many of demographic and socioeconomic information in Nielsen's consumer data are classified into many different group categories. This study reclassifies some of them used as explanatory variables. The reclassification of the explanatory variables is as follows. The income in Nielsen is initially classified into 16 different categories, ranging from less than $5,000 to above $200,000. We reclassify 16 income categories into three categories: low if household income is less than $30,000, middle if household income is between $30,000 and $70,000, and high if household income is above $70,000. The age of household head is reclassified from nine categories into three categories: less than 40 years, between 40 and 64 years, and above 64 years. Finally, the education of household head is reclassified from six into four categories: high school or less, some college, college graduate, and post-collegiate.
<Insert Table 4 Here>
Addition to the demographic and socioeconomic characteristics, this study incorporates the variable of hemp state. Since the hemp products are not very popular, and U.S. market is mostly dependent on imports, consumers in the U.S. may have lack of information about the hemp products. In addition, we hypothesize that households in states where hemp bills and resolutions introduced are more likely to be exposed to buy hemp byproducts compared to the households in other states.
Empirical Methodology
This paper employs the Heckman sample selection approach (also called a two-step model) developed by Heckman (1979) to correct the sample selection bias from the nonrandomly selected samples. In other words, this study investigates the factors that affect total expenditure for hemp consumers with selection decision whether consumers make purchases on hemp by-products or not by themselves. In addition, we have the expenditure only for the households who buy hemp by-products. The Heckman selection model is different from other approaches such as Tobit model and Cragg's model (also known as hurdle model) for the censored data (i.e., truncated sample) in that the Heckman model is based on incidental truncation rather than truncation. The Heckman approach takes place in two stages.
First Stage of the Heckman Model
The first stage is estimated by the probit model (i.e., selection model) by assuming that error terms are normally distributed. The probit model is defined as follows:
where is an indicator that takes on value of 1 if the household i buys hemp by-product and 0 otherwise, Φ is the standard normal cumulative distribution function, and is the vector of explanatory variables for decision to buy hemp by-products. In the first stage, we obtain estimates of by Maximum Likelihood Estimation (MLE), and the inverse Mills ratio (IMR) for each household in the selected sample can be estimated as follows:
where (̂) is the estimated probability density function (pdf), and Φ(̂) is the cdf. The calculated IMR indicates the probability that the household i decided to buy hemp by-products over the cumulative probability of the household's decision. In addition, the IMR captures all the effects of the omitted variables (Alviola and Capps, 2010) .
Second Stage of the Heckman Model
In the second stage of the Heckman model, we include estimated IMR as an additional explanatory variable to control the endogeneity since the part of the error term for which the decision to buy hemp by-products influence the total expenditure. Therefore, the regression model for the selected sample in the second stage is mathematically formed as
where represents the total expenditure of hemp by-products by the ith household, is the vector of variables that explain the decision to purchase hemp by-products, is the vector of explanatory variables associated with the total expenditure of the hemp by-products, and is the parameter related to the IMR.
Marginal Effects of the Heckman Model
Following discussion about the marginal effects of the Heckman model is based on Saha, et al. (1997) and Alviola and Capps (2010) . Let denote the jth regression, and it is common for both and . Then estimated marginal effect (ME) of a change in the regressor is defined as ̂= ( | = 1) = + Therefore, the marginal effect of the independent variables on in the observed sample is composed of two parts. First, there is a direct effect of the expected expenditure on hemp by-products captured by . Second, the indirect effect is captured by a change in the IMR with respect to a unit change in . The equation above can be simplified and rewritten as
where ̂ represents the marginal effect of the jth explanatory variable for the ith household, ̂ is a parameter estimates for the jth explanatory variable in the second stage of the Heckman model, ̂ is an estimated parameter for the IMR variable, ̂ is an estimated parameter of the jth explanatory variable in the first stage of the Heckman model, ̂ is the prediction from the probit model for the ith household, and ̂ is an estimated the IMR for the ith household who purchase hemp by-products. Saha, et al. (1997) and Alviola and Capps (2010) ague that ̂= if and only if ̂= 0, and this case is unlikely event that the errors have zero covariance in both first-and second-stage estimation equations; therefore, ̂≠̂ in general. In this paper, we evaluate the marginal effect at the sample mean since the estimated marginal effect is observation dependent as follows:
where ̅ denote the vector of regressor sample mean and ̂̅ = ( ̅̂)
is the IMR evaluated at the means.
Empirical Specification
For the model specification, the first- A description of the variable names in equestion above is based on Table 4 with associated descriptive statistics. Since most of the explanatory variables are either a dummy or indicator variables, the reference categories are excluded in the equation above to avoid the cases that a set of dummy variables is highly correlated with each other (also known as dummy variable trap).
The reference categories are reported as baseline in Table 4 . Even though we include regional and year dummies in the estimation, we do not report them into the equation above.
The mathematical expression of the second-stage estimation is defined as follow: 
Empirical Results
First-Stage Estimation
The results of the first-stage probit model for four different categories are reported in Table 5 including the maximum log-likelihood estimates and McFadden R 2 . The marginal effects associated with the estimates of the parameters are also reported in Table 5 since the magnitude of the coefficients does not provide direct interpretation. By looking at the marginal effects in Table 5 , households with higher income are more likely to consume cereal and nut, relative to low-income categories with less than $30,000. On the other hands, households with higher age group are less likely consume all food categories except protein compared to the households with age less than 40, indicating young households are more likely to consume the hemp by-products.
For the education level, we find most of the categories of hemp by-products except cereal are more likely to be consumed as the level of education increases. In addition, we find that significant regional effects on total expenditure of hemp by-products, but the regional effects vary across the categories of hemp by-products. The states (called "hemp state") where industrial hemp bills were introduced plays an important role in the purchase of hemp by-products. From Table 5 , households in the hemp state are more likely to consume cereal but less likely to consume for nut compared to households in states where there is no hemp legislation.
After the estimation of the probit model, we conduct a prediction success not only to evaluate qualitative choice models but also to assess the usefulness of the probit model as suggested by other studies such as XX, YY, ZZ. Table 6 shows the goodness of fit measures from the probit model for all four categories. As shown in Table 6 , the percentage of correct predictions for cereal, nuts, nutrition, and proteins are 76.71%, 88.79%, 97.62%, and 87.27%, respectively.
Second-Stage Estimation
The results of the second stage estimation are reported in Table 6 . Within the second stage of results, the lambda (i.e., inverse mills ration) is estimated to test sample selection bias, and it is statistically significant for categories of cereal, nuts, nutrition, and protein at the 0.10, 0.01, 0.10, and 0.01 level, respectively. This indicates the evidence of sample selection bias, and employing hackman selection model is justified. In Table 5 , we also reported the marginal effects that are evaluated at the mean. 
Concluding Remarks
Industrial hemp as a variety of the Cannabis sativa plant species has received a great deal of interest in last two decades since there are many benefits in environmental, production, and health. In the global markets, industrial hemp is used in agriculture, textiles, automotive, furniture, food, personal care, construction, paper, and even recycling. In the U.S., retail sales for hemp production is increasing over time even though there is no commercial hemp production due to the production of restrictions. To understand hemp market in the U.S., this study investigates the important sociodemographic factors that are associated with hemp consumption and investigate their effects on total expenditure in the U.S. by utilizing Nielsen's consumer panel data from 2008 to 2015.
By employing Heckman selection model, this study finds that sociodemographic characteristics especially income, age, and education play important role in purchasing and explaining the demand for different categories of hemp by-products. To understand hemp market in the U.S. these finding will provide more targeted marketing strategy. Industrial hemp is still on the Schedule 1 narcotic list and is illegal to produce according to Federal Law. However, there is speculation that it will be removed from this list, given that 30 plus states already have a policy in place for the production of industrial hemp. Based on our best knowledge, there is no empirical study related to the Hemp in the U.S. Thus, findings in this study will begin to fill the knowledge gap on a crop that is increasing consumption and production in the United States. As the industry continues to move forward policymakers are going to need a deeper understanding of the factors driving the industry. Not only will this manuscript contribute to the industrial hemp literature, but it has the potential to generate significant discussion. Little is known about industrial hemp and there are many unknowns about everything from its production to its marketing channels. A basic understanding of consumer profiles is a starting point for these discussions. Notes: the number of observations in table 3 show total number of observation for each product and parenthesis represents a total number of observation for the only hemp related product. 
